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ABSTRACT

COUPIEFLO is a two-dimensional finite element code for planc strain or
axisymmetric analyses of thermomechanically coupled systems. It is capable
of analyzing the creeping flow of non-Newtonisn flulds or the secondery creep
of solids. COUPLEFLO solves equations for conductive-convective heat trans-
fer to determine the thermal response of a system. Thermomechanical coupling
between the flow field and temperature distribution can exist in terms of
temperature dependent material properties, temperature dependent body forces,
viscous dissipation, meterial convection, and changing system geometry.
Either transient or steady-state problems can be anaelyzed in Eulerian or
quasi-Lagrangian reference frames. Part I - Theoretical Bsckground contains
the governing equation, finite element formulation, and verification of the
code capabilities. Part II - User's Manual contains instructions for code
use. Currently, COUPLEFLO is available at Sandia Laboratories in Albuquerque

on the 7600, 6600, and NOS systems.
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NOTATIONS

Aren

Matrix cocfficient mocifier of
Speeific heat

Any function

Conveetion coefficient

Matrix coefficient of

Fun-~tionsl

Jecobian matrix

Determinent of the Jacobian matrix
Thermal conductivity

Stiffness matrix

Surface heat transfer coefficient matrix
Shape functions

Pressure

Surface heat flux

Heat generation rate

Conductivity metrix

Surface distance

Surface enclosing region V

Surface on which heat flux is specified
Surface on which velocity is specified
Surface on which traction vectors are specified
Surface on which temperature is specified
Traction vector

Time
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NOTATIONS {(Cont'd)

Time increment
Velocity components
Volume of region
Volume of element
Cartesien coordinates
Body forces
Variational operatcr
Kronecker delta
Gradient operator
Strain-rate tensor

Deviatoric strain-rate tensor

e
Effective strain-rate (eII = 3 eiﬂ eid)

Locel coordinates

Lagrange multiplier

Viscosity

Unit outward normal vector

Density

Stress tensor

Deviatoric stress tensor

Effective’ deviatoric stress (0{1 = ( g
Temperature

Time derivative or temperature

Specilfied surface temperatures

1/2)

cr:".J oil-:l)
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Chapter I

INTRCDUCTION

This document deseribes the input data and control cards necessary to
usn the computer code, COUPLEFLO. It nlso conteins semple problems that
illustrate epplication of COUPLEFLO. Description of the governing equa-
tions, finite element formulation, and solution algorithms are conteined
in e separate document [11.

The computer code, COUPIEFLO, is capable of anslyzing plane strain or
axisymmetric creeping viscous flow of temperature dependent non-Newtonian
fluids or viscoplastic solids. The unalyses epply to systems in which
inertia can be assumed to be sufficiently small to he neglected and elastic
respuonse can be assumed small in comparison to viscoplestic behavior, Non-
linear behavior can be anelyzed in COUPLEFLO using either variable stiffness
or pseudo-force methods, including the secant modulus, tangent modulus and
initial stress techniaues.

Thermal anslyses in COUFPLEFLO are performed using a finite element
formulation of the conductive-convective heat transfer equation. A Crank-
Nicholson impliecit finite difference scheme is utilized for time integra-
tions of the temperature distribution. Temperature dependent thermal
conductivity and co.vective boundary conditions eare included in the formu-
lation.

Coupling between the thermal and mechanical solutions may be simulated
using COUPLEFIO. This coupling includes viscous dissipation, temperature
dependent meterial properties, temperature dependent body forces, material
convection and changes in geometry. Either control volume (Eulerian) or
control mass (Lagrangian) reference frames may be specified. Both transient

and steady-state analyses are possible.

9-10



Chapter II

SAMPLE FROBLEMS

2.1 Introduction

The purpose of this chapter is to demonstrate to the uger the procedurc
in setting up problems for solution by COUPLEFLO, This will be accom-
plished by solving two problems that were formuwlated to reveal some of the
more interesting options available in the code, Where input cards are dis-
played the reader should refer to Chapter IV which contains card descrip-
tiong and format specificmtions for the input. In addition, any self-
consistent set of units may be used for input to COUPIEFLO. In regerd to

this, no units will be shown for either sample problem.

2,2 rompression of a Viscoplestic Tube

The first problem concidered was sn example of plane strain deformatior.
of & viscoplastic tube made of an aluminum-like material. The actuel thermoe
mechanlical system we wish to model is depicted in Fig. 2.1, We assume that
symmetry exists about both x snd y axes and hence the problem is only solved
in the querter plene. Furthermore, the thermal flux is specified to be zero
acros: the exposed cross sectiuns and convection houndary conditions are
imposed along the inside and outside surfaces, A line force is applied
along & line parallel to the y-axis. The material deformations are
followed in time in a planar geometry. The assumed constitutive equation

is linear and independent of temperature and has the form

' = [
’II = 131700 GII . Ly

11
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Figure 2.1. Plane Strain on a Viscoplastic Tube



Finally, the materisl composing the viscoplastic tube is esscumed to have
a density of ,006, a heat capacity of 1350, and o constnnt conductivity
of 2,36,

The solution of the nroblem is initiated by characterizing a quarter
~f the ring with telangular cloements using: SFCHo, The following datn sct

yielas the auarter ring depicted in Fig. 2.0

5 Number of subregions
0.0 5.0 0.0 5.0 plot limits
1 slop: of diagonal indicator
9 write to TAPEQ nodal point
coordinates and element
de-finitiong
3 3
0 90 g Q o 0 g O
L,0 Q0.0
L,25 0.0 Number of civisions, connec-
5.0 0,0 tion to previous subregions,
h,9384 0.7822 and subregion coordinstes for:
1
4,7552 1.5431 subregion #1

h,0h20 1.3133
3,3042 1,2361
3.9058 0.6257

3,8042 1.2361
4,0420 1.3133
4,7552  1,5451
4, 4550 2,2700 subregion #2
L, ch51 2.9389
3,4383 2.4981
3.,2361 2.3511
3,5640 1,8160

3.2361 2.3511
3.4383 2.k981
L, 0k51 2.9389
3.5355 3.5355 subregion #3
2.9389 L, o551
2.4981 3.4383
2.351 3.2361
2.8384 2.8284

13
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or¢| O, | LA | |2 | G| B2a] 4D | @42
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3 2 3 0 0 0 0 0 0
4 3 3 0 0 0 0 0 0
5 4 3 0 0 0 0 0 0

Figure 2.2. Mesh Generation for a Yiscoplasitic Tube




2,3511
2,h981
2,9389
P,7700
1.505]
1.3133
1,2301
1,8160

3
3 0
3.2301
3,4838
L, oh5;,
1;.]4550
k,7553
L0420
3.80h2
3,56h0

3

3 o]
3.80k2

L.ch20

k.1553

i, 9384

5.

L,25

3.9508

3
o]

subregion #4

subregion #5

Tiw. obvious thing to notice in Fig, 2.2 is the aigher density cf

clements obtained along the inside radfus of the quarter annulus obtainc:

by placing midside coorainites of t'.e subregions closer ‘o the inside

radius.

In eddition it should e clear that the entire region of study

need not haeve been broken up into so many subregions, but this wes done

to demonstrate to the user the method of connecting these subregions.

Proceeding, the frontel solution is eccomplished by inputting the

following data deck to FRONTG:

9
108 259
o
-1
1 108
108 L2
)
-1
1 108

259 0
1

259 183
1

9

6

read from TAPE9 nodal point ccordinates
and element definitions
temperature mesh construction

number of elements in temperature mesh
not composed of material type 1

manual element selection for tempersture
mesh

element ordering in temperature solution

viscous mesh construction

number of elements in viscous mesh not
composed of material type 1

manual element selection for viscous mesh

element ordering in wviscous solution

15
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This permits the user to specify the order in which the relevant equations

are formulated and solved, and reduces the amount of in-core storage

necessary,

The actusl thermomechanical analyses are then performed with

the following cerds used as input to PIASTY:

.096
L3900.

500,0

0.0

253
259

100.0

1

1.850.0

0.0

0

1k
258
259
5

5

1

1.0

0.1

HEOANMNANONNNERE OO

SRk

2.0
1.0

250,

MNRHEORNEND MW

3 0.0
2 0.0
2 0.0
10
-1 1.0
30
0.1

3.38
0,0

l.o

0.0
0.0
=-500.0

0.0 3.38 0.0 .00
0,0 0.0 0.0 0.0

0.0
0.0

number of materials

material type 1
definition

nwder of
constraints
released

Ty, conversion
factor, T _, h,
NVPS

surface convection boundery
conditions

decay constant for heat sources
{no dscay)

applied forces, imposed velocities
and temperatures, specified heat
fluxes and nodel point restraints

print and punch controls

type of solution performed 1irst,
coupling, type of analysis
solution controls

meximmu. problem time and convergence
controls

do not write ITPl array

restart indicator and mmber of
inerewzats to be reed from tape 8



Finally, we wish to plot the results. Inputting the following cards into
PLOT9 results in Figs. 2.3 through 2.5.
9 rea:i from TAPEQ nodal point

coordinates and element
definitions

6 1 nunber of plots and
symmetry flag
5 10 15 20 25 30 increment numbers plotted
~7.0 7.0 -7.0 7.0 .50 plot limits and magnification
79
253 1 7 nodel points used as plotting
2 6 1 boundaries
7 259 7 ‘
1.9 2.0 .50 vector length, increments
between isotherms, cutoff
velocity

Here, the option of displeying a symmetric half of the region of analysis
is selected, Fig, 2,3, the time history of the mesh deformations, shows
the continuous flattening of the tube by the applied force. In Fig. 2.4
the time history of the velocity flelds shows that only & section of the
tube is moving at eny given time. This is not true since the velocity
field is continucus over the domain, but appears beceuse of the relatively
high cutoff velocity, .5, chosen during plotting. Also, from Fig. 2.4,

we see that as time progresses more and more of the material velocities
exceed the cutoff velocity. Finally in Fig. 2.5, which is the time history
of the temperature distributions showing the temperature isotherms, we see
the surface cooling due to convective losses and the heating due to viscous

dissipation in the vicinity of where the force was applied.

17



U
)
83
=

58
s
=)

mg
el
® w
E g
o]

G+

mm
2
G o
O

25
ey
o ~—
S
oA
[y}
L
£ u g
488
AP
0S8
ms
i 0
[ ]
M

[4Y]

m.

Kl

=X

18



Figure 2.k,

Time History of the Velocity Distributions for
the Viscoplastic Tube (time progressing from
top to bottom)

19
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Figure 2.5. Time History of the Temperature Distributions for
the Viscoplastic Tube (time progressing from top
to bottom)



2.3 Axipymmetrie }low Through a Reducing Duct

The gecond problem considered was the flow of s roft viscoplastic
material througk n rigid recucineg ruet. & oxvlinariesi 1.up of materisl
ir forced through a blunt duct ruch thet the pecuce : cross seclion has
nn area c¢auel t2 ope-thirc of the plue nren.  Thir thermomechnnical system
we wish to model ir depicted in Filg. 2.6, Hery it cun be neen that the
duct psides are frictionless execept along the face porpenciculnr to the
axiel direction where no slip occurs. A constant inlct precsure and fixed
temperature are imy.osed on the vigscoplastic matorial entering the duct.
The axial thermsl gradients on the horizontal surfacc of both the prosuct
and the -xposed horizontel surfaces of the suct are zero, while the lateral
surfaces of the emerging material and duct ars subject to convective heat
loss to the surrounding sir. Since the container needs to he considered
only in the thermal sclution, we incorporate the two mesh capability of the
code; that is, in the thermal solution we include the entire system, but in
the viscous solution only the viscoplastic material itself is included while
the rigid duet ls neglected.

We begin the solution of this problem as before by dividing the
region of anelysis into elements. Using the following cards as input to

MESH9 yields the plot shown in Fig. 2.7.

7 number of subregions

0.0 10,0 0.0 18.0 plot limits
1 slope of diagonal indicator
9 write to Tape9 nodal point

coordinates and element definitions

21
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Figure 2.6, Axisymmetric Flow Through a Reduecing Duct
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Figure 2.7. Mesh Generation for Flow Through a Reducing Duct
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Number of divisions, connection
to previous subregions, anc sub-

region coordinates for:

sutregion #1

|
|

o}

I
Q

subregion #2

subregion #3

subregion #4

halel

000075557

222977 79
A

Ak

10?000200

leOOlO?

o

cnunmMooaH
Kl sood s

[3a Kb

['2Y
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NHOOO AN

subregion #5

=t O

0510009:}5
7|u.000377

=

300070007
22236663

O
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059000955
73000377
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4990089900

6668000
1118
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— b

3 3
5 4 ¢c o 20
8.0 TaH
Q.0 ey wion e
3,0 “.7%
[$ ] 2.
R, 10,0
€0 1.0
€.0 .75
3 L
2 i Lk [
2.0 1z.0
2.0 275
2.0 7.5 subregion #7
2.75 7.5
6.0 75
6.0 9.75 )
6.0 12.0
h,0 12.0

It is essential to construct the mesh such that the region in which the
viscous flow will occur will be the first clements defined, Thus, when the
number of elements are sperified in the frontel solution program for both the
temperature and viscous analyses the correct elements will be obtained. This
may be made clearer by referencing Fig, 2.8 and 2.9 which are obtained from
PIOT9. Fig. 2.8 shows the element mesh for the viscous solution and its
symmetric half abont the centerline. This :esh is coupesern. of the first
WUMEL2 elements generated by MESH9 where NUMEL2 is explained in Chapter 4,
Fig. 2.9 shows the element mesh for the temverature sclution, and its sym-
setric half about the centerline. This mesh is composed of NUMEL1 elements

vhere azain NUMELL is explained in Chapter 4.

Proceeding as before the frontal solutions are accomplished with the fol-

lowing data cards:

9 read from TAPEG nodal point coordinates and
element Zefinitions
64 371 371 0 6 6 0 temperature mesh construection

25



66 number of ~lements not composed of material
type 1 in thermal mesh

Qg 1€k 3. 2 remaining element numbers and meterisl mun. -
0 automrtir clement selection for temperuturs:
mesh
2h 1 in automatic element selection start with

element number 2k nn- pick the .11
elements such that the most nodel politic
are completed

w8 536 371 165 0 f . viscous mesh construction
0 number of elements not composed of mat.cr:
type 1 in viscour mash
¢} automatic clement selection for viczeous = &
zh 1 in autom:tic clement selection start with

element nunmber 24 ané vick the follow-
ing elements such thet the most nocal
peints are camrleted
Herr, airain, the importance of the mesh conztruction is emphesized, 1In the
first frontul solution &c.-erplichea, that essocizte: with the temperatur:
wnulysiz, &1l 164 elements are uced, In the secand frontal solution, that
ussociated with the viscous flow problem, only the first 98 elements ure
uzed. Thus the 2 mesh capability of COUPLEFLO is exerciced.
The thermomechanieol solution is accomplished by inputting the follow-

ing caris into PLASTG.

ny

‘number o

heat scurces (no
decay)

naterisls
.09 1850,0 0.0 3,38 0,0 3.38 0.0 .1E-11 materiel
S7220.00 0.0 .20 0,0 0.0 0.0 0.0 0,0 type l
o definition
L2Ee ale2.00 vl W7 e LT Leu 0.0 meterisl
e} c.0 7. 2.0 0.0 0.0 G.0 0.0 type Z
definition
nurber of
0 z constraints
release!
100. 1.0 V.0 . 3 3 T1 : -
tio or,
- T, h
116 122 % 2 } surfece convec-
1€ 1o 6 1 2 ticn boundary
conditicns
0.0 2 half life for


http://defir.it

59
161 161 1 -1 0.0  -.11133%E2  100.0 )
160 160 1 -1 0.0 .1482967ES  100.0
159 159 1 -1 0.0 .1482962E5  100.0
158 158 1 -1 0.0 4LUODOOES  100.0
157 157 1 -1 0.0 296702885  100.0 | applied forces, imposca vel.-
156 156 1«1 0,0 .7h10387ES 100,90 cititec and tewmperstures,
155 155 1 -1 0,0 JH669241E5 100,0 specified heat fluxes un:
170 170 1 -1 0,0 .1306222E6 100.0 | nodal poimt restraints
179 179 1 -1 0.0 .8093431E5 100.0
188 188 1 -1 0.0 .P052090E6  100.0
197 197 1 -1 0.0 .127725286  100,0
206 206 1 -1 0.0  .3036739E6 10C.0 T
215 215 1 -1 0,0 L1790h98E6  100.0
22k 204 1 -1 0.0 L428126LE6 100.0
233 233 1 -2 0.0 L12L1kasEGE  100.0
226 232 1 z 0.0 0.0 c.0
162 225 G L 0,0 0.0 0.¢
6 99 7 k0.0 0.0 0.0
7 7 1 L 0.0 0.0 6.0
157 7 2 0.0 0.0 0.0
70 160 7 Z 0.0 0.0 6.0 J
1 1 } print ané punch contrels
1 1
1 -1 0.0 type of solution performed firr-.,
coupling, tyve of analveis
1 -2 1 1 1 2 3 O solution controls
maximum problem time anag
100, -001 1 -001 +001 convergesce controls
o] 49 not write ITPl array
o o restart indicator and number
of increments to be read

Here the assumed constitutive equation for the flowing viscoplastic materiel
is
ol - 9750 M7 (2.2)
1I II )
while none ig necded for the duct and container since they are not incluced
in the viscous sclution. 1In addition, the material properties for the
flowing viscoplastic material are taken as those used in the compressiocn

of the viscoplastic tube. The container is assumed to have a density of

.269, a heat capacity of k162, and a constant conductivity of .775. The

27



28

lescription of th

reduction system is completed by the specification of the

no slip conditions mlong the interior of the die. Finally only the steady

state solution 1s required.

After completion of the thermomechanical solution of the protlenm,

plots may be obteined by inputting the following cards into PLOTG.

2

-i%7.0 10.0 0,0 20.0 1.

37
5
330
323
322
279
278
155
160
170
232
216
%
7

94
63
7
366
329
294
287
170
16).
155
233
225
162
99
7

5

H I \O =D 1 1D b ~J = OV

\n
-

\

.0N000L

read nodal point coordinates and element
definitions from TAPES

number of plots and symmetry

incerement numbers plotted

plot limits and magnification

nodal points used for plot boundaries

vector length, increments between isotherms,
cutoff velocity

Again the option to plot the symmetric haif of the region of mnalyses is

selected.

From these input cards we obtain Figs. 2.8 through 2.11 which

show the element meshes used for the reduction system, along with the

steady state velocity field and temperature distributions obtained. As

previously mentioned, Figs. 2.8 and 2.9 show the meshes used for the

viseous and temperature analysis.

Fig. 2.10 is the steady state velocity

profile which reveals the stationary layer of material in the vieinity of



where the nc g2lip conditions were imposed. Also from Fig. 2.10 we

see the parabalic rature ol the magnitude of the velocities, which effects
the temperature :i-tributions, both from convection andé viscous dissipation.
iz, 2.11 shows the steady state temperature distribution cf the isotherms.
The effect of the parabolic veloeity distribution hecomes oviuent as iso-
therms are carricd shead along the centerline, Also, the high thermal
gradients near the inlet of the duct are seen together with inhe surface

cooling of the duct from the convective leosses.

29
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Figure 2.8, Viscous e

NNNWYNWAZY
N\NYIVINWAL
NNV
NNV

an for Flow Through & Reducing Duct



AN
AN
AAAAANINNNNNNS
NNNNNNWNWAAA Y
NNNNNNYWINWIA AV
- NANNNWWWSNAAAY
NNNN\WWWIIWWAA/LA

Figure 2.9. Temperature Mesh for Flow Through a Redueing Duct
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Figure 2.11. Temperature Distribution for Flow Through
a Reducing Duct
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Chapter III

EXECUTION INSTRUCTIONS FOR COUPLEFLO

The current COUPLEFIO program has been subdivided into four scparate
programs named MESH9, FRONTY, PIAST9, und PLOTY, The function of those
four programs is to renpectively generate the mesh, set up the frontal
solution, solve the thermomechenical problem and plot the results. The
primary reasons behind the substructuring of the CQUPLEFLO code was to
1) allow the user to execute the program in stages which allow for
verification of separate steps, ?2) mllow the user convenient entry points
into the code to permit efficient parameter studies, 3) and to reduce the
central memory requirement which improves turnaround time,

The substructuring of the COUPLEFLO program necesgitates a communication
bety en each of the subprograms. As will be scen ir the nppendix conteining
the input instruction, a few options are available to the user as to how
information will be passed from one program to the next., In other cases,
no option exists for the transfer of data, and the user must either regen-
erate the necessary dete for subsequent problem execution or, after initial
data generation, may store it in permanent file space. An example of the
option in transferring date is the nodal point coordinates and element defini-
tions calculated in MESHQ. This informatior is necessary in both the frontsl
solution end the plotting programs. An option exists as to whether this
information is written on to a disk file, TAPE9, which is suitable for cata-
loging, or whether the uger will obtain a punched deck of the data. An
example where no option is available is the frontal solution arrays for the
temperature and viscous flow solutions, which are written onto TAPEl and
TAPE2, respectively. Presently the only way of saving these files, which

are necessary in PIASTO, is to catalog them onto permanent file space.

35
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The division of the COUPLEFLO code also makes for a longer control card

sequence, The following control stream represents a possible execution of

the entire COUPLEFLO prograsm on the 6600 scope system.

1.

2.

JO CARD.

ACCOUNT CARD.

REQUEST,TAPET ,*PF.

REQUEST,TAPES, *PF.

ATTACH,A ,MESHO,

UFDATE, P=A,N,F,C=CA, W, Load and execute the
FIN, 1=CA, L=0,B<EA. mesh generator
COLLECT,1.GO,DISSPLA ,SMALLA2 ,FTNLIB,

BA,

d t
CATALOG,TAPEG,ANY FILE NAME,CN=ANY PASSHORD-} 3:::6:30:25933

REWIND, TAPES. elemant asfinitions
RFL,135000.
REQUEST,TAPEL,*PF.
REQUEST, TAPE2 ,*PF.
REQUEST,TAPELO, *FF,
ATTACH,B,FRONTO,
UPDATE, P=B,N,F,C=CB,W,
Load and execute frontal sclution
FIN,I=CB,L=0,B=BB. program
COLLECT, LGO,FTNLIB.
BB.

CATALOG,TAPEL,ANY FILE NAME,CN=ANY PASSWORD. ) Save ITPL arrays

for th 1 and
CATALOG,TAPE2,ANY FILE NAME,CN=ANY PASSWORD. | viscone moshes

slong with the
CATALOG,TAPELO,ANY FILE NAME,CN=ANY PASSWORD. ) necessary common

block



24,
25,
26.
27.
28.
29.
30.
3.

33.
3k,
35.
36.
37.
38.
39.
Lo.
L1,
2,
h3.
Lk,
ks,
6.
b7,
L8.
b,
50.

REWIND,TAPEL.
REWIND, TAPEZ2.
REWIND, TAPE10.
RFL, 135000,
ATTACH, C , PIAST9

UPDATE, P»C,N,F,C=CC,W,

FIN, 1=CC,1=0,B=EC. Load and execute the
thermomechanical solver

COLLECT, LGO, FINLIB,
BC-

RETURN, TAPEL.

RETURN, TAPE2.

RETURN,TAPELO,

REWIND, TAPES.,

RFL, 135000,

ATTACH, D, PLOT9.

UPDATE ,P=D,N,F,C=CD, i,

FIN, I=CD, L=0,B=ED.
COLLECT,LGO,DISSPLA,SMALL42, FTNLIB.
BD.

END OF RECORD CARD.

UPDATE DECK FOR MESHD.

END OF RECORD CARD,

DATA DECK FOR MESHD.

END OF RECORD CARD.

UPDATE DECK FOR FRONTS.

END OF RECORD CARD.

DATA DECK FOR FRONTO.

Load and coxecute
the plotting program
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51. END OF RECORD CARD
52. UPDATE DECK FOR PLASTS.
53. END OF RECORD CARD.
54, DATA DECK FOR PLASTS,
55. FEND OF RECORD CARD.
56. UPDATE DECK FOR PLOTY.
57. END OF RECORD CARD
58. DATA DECK FOR PLOTQ
59. END OF INFORMATION CARD
60. END OF INFORMATION CARD
Here we are assviing that the nccal point cccrdinates aave been written ~ntr
TAPES end we wish to save them, Furthermore, the contents of TAFEl and
TAPE2, as noted previocusly are to be cataloged, TAPE1O which contains e
common block defined in FRONT9 snd is needed in PIAST9 is also saved for
later use, TAPET which is written onto by MESHY and PLUIQ must also be
equivalenced to a permanent file in order to cobtain hard copy plots.
Obviously the user masy execute any of the four separate programs by
accessing the necessary date, if any, and executing that specific program,
which is the recommended procedure, Similarly, the following control
stream represents a possible execution of the entire COUPIEFLO program on
the 7600 scope system with the identical options used in the 6600 control
stream:
1. JOB CARD.
2, ACCOUNT CARD.
3. ATTACH,DISSPIA,DISSPIA.
4, ATTACH,FXSCORS,FXSCORS.

5. LIBRARY,DISSPIA,FXSCORS.



15,
16,
17.
18,
19,
20,
21,
22,
23.
2k,
25,
26.
27.
28.
29.
30.
31,

32,

FIIE,A ,RT=S,

ATTACH,A ,MESHY.
" Load uand excecute the mesh
UPDATE, P=A ,F,W,C=CA, " generaior
FTN, I=CA,B=BA,
PA,
Cave nodel point

CATALOG, TAPEY,ANYFTILE NAME,CN=ANY FASSWORD.}coordinates ant
clement definitions

FILE,B,RT=5,
ATTACH,B,FRONT®.
UPDATE , P=B,F,W,C=CB,
’ ) Load and vxecute frontal
REWIND,TAPEQ. solution program
FTN,I=CE,B=BB,
BB,
CATALOG,TAPEL,ANY FILE NAME,CN=ANY PASSWORD, ) Save ITPl errays

for thermal und

CATALOG,TAPE2 ,ANY FILE NAME ,CN=ANY PASSWORD, viscous meshes
along with the

CATALOG,TAFE10,ANY FILE NAME,CN=ANY PASSWORD, | necessary common
block

FILE,C,RT=8,

ATTACH,C, PLASTS.

UPDATE, P=C ,F ,W,C=CC,

REWIND,TAFEL. Load and execute the thermo-

REWIND , TAFZ2 mechanical solver
» =2,

REWIND, TAPE10,
FTN, I=CC, B=BC.
BC.
FILE,D,RT=S,

ATTACH,D, PLOT9.
Load and execute the plotting

UPDATE, P=D,F.W,C=CD.
program

REWIND , TAPEQ.
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33. FTN,I=CD,B=BD. l
34, ED. ‘Load and execute the plotting program
35. END OF RECORD CARD,

36. UPDATE DECK FOR MESH9.

37. END OF RECORD CARD,

38. DATA DECK FOR MESH9.

39. END OF RECORD CARD.

L0, UPDATE DECK FOR FRONTG,

11, END OF RECORD CARD.

k2. DATA DECK FOR FRONT9.

43. END OF RECORD CARD.

L, UPDATE DECK FOR PLASTY.

h5, END OF RECORD CARD,

46, DATA DECK FOR PLASTY.

W7. END OF RECORD CARD,

h8. UPDATE DECK FOR PLOTS.

49, END OF RECORD CARD.

50. DATA DECK FOR PLOTY.

51. END OF INFORMATION CARD.

52. END OF INFORMATION CARD.

COUPLEFLO is also available on the Sandia 6600 NOS Time Sharing Computer.
A procedure file has been written to allow the user to execute one of the
subprograms comprising COUPLEFLO or a sequence of the subprograms. Also,
options exist as to whether the users input files and a few of his output
files used to execute the subsequent programs are saved on his permanent file

space. Finally, it is also possible for the user to receive a printer copy



of the output from cach of the executed programs. To select the desired
options, the user must set three internul registers on the NOS system. These

three registers have the following functions:

Rl IS A FLAG USED TO DETERMINE WHICH PROGRAMS WILL BE COMPILED AND/OR RUN.
IF Rl=1 THEN THE PLOTTING PROGRAM IS COMPILED AND EXECUTED

IF Rl=2 THEN IT IS ASSUMED A COMPILED VERSION OF THE PLOTTING PROGRAM
EXISTS AND IT IS EXECUTED

IF Rl=b THEN THE VISCOUS/TEMPERATURE SOLUTION PROGRAM IS COMPILED AND
EXECUTED FOLLOWED BY THE RESULTS OF SETTING Rl=1

IF R1=5 THEN THE RESULTS ARE THE SAME AS Rl=k EXCEPT IT IS ASSUMEL THAT
A COMPILED VERSION OF THE VISCOUS/TEMPERATURE SOLUTION EXISTS

IF R1=6 THEN THE PROGRAM CALCULATING THE FRONTAL SOLUTION WILL BE
COMPILED AND EXECUTED FOLLOWED BY THE RESULTS OF SETTING Kl=l

IF R1=7 THEN THE RESULTS ARE THE SAME AS Rl=6 EXCEPT IT I3 ASSUMED THAT
4~ COMPILED VERSION OF THE FRONTAL SOIUTION PROGRAM EXISTS

IF K1=8 THEN THE PROGRAM CALCULATING THE MESH WILL BE COMPILED AND
EXECUTED FOLLOWED BY THE RESULTS OF SETTING Rl1-6,

IF R1=9 THEN THE RESULTS ARE THE SAME AS R1=8 EXCEPT IT IS ASSUMED THAT
A COMPILED VERSION OF THE MESH CALCULATION PROGRAM EXISTS

FURTHERMORE BY SETTING Rl TO THE NEGATIVE OF ANY OF THE ABOVE VALUES PRO-
GRAM EXECUTION TERMINATES WITH THAT PARTICULAR PROGRAM. THIS ALLOWS FOR
PROGRAM AND/OR OUTPUT VERIFICATION FOR ANY PARTICULAR PROGRAM, THE USER
IS ADVISED TO USE THIS OPTION UNLESS HE HAS SOME PREVIQUS INDICATION THE
PROGRAM WILL WORK IN ITS. ENTIRETY.

REGISTER R2 IS USED TO DETERMINE IF THE USER WISHES A PRINTOUT OF ANY
OF THE RESULTS OBTAINED FROM ALL OF THE PROGRAMS EXECUTED, THE OUTFUT
IS OBTAINED IN THE TERMINAL ROOM IN BUILDING B06--ROOM 159,
IF R2=0 THEN NO PRINTOUT IS OBTAINED
IF R2=1 THEN A PRINTOUT IS OBTAINED
REGISTER R3 IS USED TO DETERMINE IF THE USER WISHES TO SAVE IN HIS PER-
MANENT FILE SPACE ALL INPUT DATA TO THE PROGRAMS AND TIFORMATION GENERATED
BY AN EXECUTED PROGRAM THAT IS USED IN EXECUTING ANY SUBSEQUENT PROGRAM.
IF R3=0 NOTHING WILL BE STORED IN THE USERS PERMANENT FILE SPACE
IF R3=1 THEN ALL INPUT DATA AND INFORMATION USED IN EXECUTING SUBSEQUENT
PROGRAMS WILL BE SAVED IN THE USERS PERMANENT FILE SPACE

15



FINALLY IN ORDER TO SET ANY OF THESE OPTIONS THE USER MUST TYPE THE
FOLLOWING; SET(RI=N). THIS ASSIGNS TO REGISTER I THE VALUE OF N
EXAMPLE: SUPPOSE THE USER WISES TO ONLY EXECUTE THE MESH GENERATION
PROGRAM AND DOES NOT WANT A PRINTQUT OF THE QUTPUT BUT DOES
VANT TO SAVE ALL FILES NECESSARY IN RERUNNING THE MESH PRO-
GRAM AND EXECUTING THE SUBSEQUENT PROGRAMS. THE USER THEN
SETS THE THREE REGISTERS IN LIKE MANNER

SET(R1=-8)
SET{R2=1)
SET{R3=0)

THE NOS SYSTEM WILL ECHO EACH COMMAND RBACK TO THE USEE.

Due to the limits on permanent file space on NOS at this time it is impos-
sible to save the frontal solution arrays and the common block defined in
FROLT9. Therefor«, the user must rerun this program every time he wishes
to execute PLASTG, or have them saved on a mountable magnetic tapc.
Finally to invoke the procedure file the uszer must cpecify the nemn:s
of the files that contuin all neccessary input to any of the programs axecu-
ted, This is done at the time of execcution of the procedure file by rquiva-
lencing a code letter to the file name containing the necessury input. The
code letter and the file associuted with that code letter are <escribed
below, Hence, if the user wishes to only execute the mesh generation
program end obtain a printed output, without saving the file containing
the nodal point coordinates and element definitions he would set the
necessary registers, as shown in the above example, and call the procedure

file by typing
-UCOUPLE (L=FN)
where FN is the users file name .ontaining the input to MESH GENERATOR.

L = File Name containing the input to the mesh generation program

M = File name containing the nodal point coordinates and element
definitions if the user selects the option to save this data in
permanent file space, (SET(R3=1))



File name containing the input $c the {rontuzl prograr

File name contuining the input to the viscous wnt Lemproraturs:
solution nrogram

File name containini; the plot futyu i€ the user sol.ets the option
to save this date in permanent il epuce

: File nume conteining the input Lo the plottine proyTim

Files Requires
Program Exccuted L 14 N 0] P 4
MESH? * J
FRONT9 * *
PLASTO % /
PLOTS * P “

3

executed,

Asterisks taprecont necessary files to the progrum

Checks represent files necegsary to the program
exceutee with the R3 register set to one option,
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Chapter iV

INPUT INSTRUCTIONG FOR COUPLEFLO

4,1 Introduction

The next few puges to be found in thia chapter ere instructions to

deto input into cuch of the four aeparate programs comprising COUPLEFLO.

The following conventions upply for cach card:

1)

L)

5)

Following the card number and the format in which the dete is
typed a brief description of the information contained on the card
is given. Included in this information are the circumstances as
to whether or not this card is contained in the input deck and how
many times it is read,

The subscripts on a variable name indicate the colwmns in which
it is to be punched, e¢.g., llVarzo indicates Var iz to be punched
in columns 11 through 20, according to the specified format.

If a coded response is necessary in any of the input, the options
allowable and the results of setting the option to a particular
value s.e displayed directly after the description of the variable
being considered,

Very few default values are incorporated into any four subprograms
thal comprise COUPLEFLC and the user is strongly urged to specify
all varisbles explicitly. Any varisble that is defaulted though
is shown in the input instruction ac the default value in paren-
thesis following the variable description.

Card inputs to each of four subprograms must be seguential; that
is, Card 2 must follow Card 1 and if Card 7 is omitted Card 8

must follow Card 6,
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6)

In addition, when the user selects coupling between the mechanical
and thermal systems, he is advised to hegin first with the solu-
tion of the mechanical system. This is always the case unless
there arc no initially prescrihbed forces or nonzero velocities
wherecupon the user may then begin with the solution to the thermal

syotem.



L.,2 1Input Instructions for MESH9

Card 1 Format (I10)
Card | specifivs the number of subregions into which the entire domein
bednpg studied will be aivided. This is partiecularly useful in obtein-
ing better resolution in particuler areas by requiring more element:

in that arca,

Ver llame - Deseription

lNUMLPSlO - the number of subregions in the domain being studied
(maximum of 1)
Curd 2 srmat (LFL0.3)

Curd ? provides dimensions for the plotted datu, The bounds of the r..-
izion may correspond to the size of the entire region being studied or

muy be some subset of that region,

Vuy Name - Deseription

XN, . - minimum X coordinate to be plotted

1 10

1Ko

21YMIH3O - minimum y coordinate to be plotted

leMAKuO - muximum y coordinate to be plotted

- maximum X coordinete to be plotted

Card 3 Format (I10)
MESH9 will normally “rew the diagonal through the rectangle it cor-
structs, for element formulation, such that the length of the diagonal
is a minimum. In the case where the length of the diagonals are the
same Card 3 allows the user to specify which way the diagonal will be

drawn.
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Var Name - Description

lIDIAGl0 ~ user option for specifying how diagonal is drawn
1 - with negative slope

? = with positive slope

Card b4 Format (110)
Cerd 4 allows the user to either obtein a punched deck or a disk file

of the MESH9 duta which is necessary input for FRONTY and PLOTI.

Yar Name - Description
].IOI.I'J.‘PU’I‘:L0 - option to write MESH9 generated data to a punch or disk

file
8 - output goes to punch file

9 = output goes to disk file which is suitable
to be cataloged in permanent file space

Cards 5 through 7 are rcud as a set NUMLPS times and contain information on

each subregion of the area of analysis.

Card 5  Format (2I10)
Card 5 allows the user to specify the number of rectangles in a
particular subregion. The user can then determine how many tri-
angular elements will te drawn in the subregion by multiplying the

number of rectangles by 2.

Var Name - Description

lNDIV(I ,1)10 - the number of divisions on sides 1 and 3 for the i
subregion (maximum of 13)

_u_NDIV(I,a)zO - the number of divisions on sides 2 and 4 for the Ith

subregion {maximum of 13)



Card Farmat (4(17,

13))

Card 6 specifies the manner in which the subregions will be connect d.

th

Since Curd 6 is read NUMLPS times the informution of the I Card 6

will pertain to how the Ith subregion will be connected to subregions

alrendy generanted,

It is necessary to specify data for connecting the

Ith subregion to the previous I-1 subregions but ihe user should not

sprcify how the Ith subregion will be connected to subsequent subregions

to hc genersted,

Var Nume - Description
lJOIN(I,l,l)7 -

8.10111(1,1,2)10 -
1170IN(I,2,1),, -
l8Jo:m(1,2,2)20 -
21 J0IN(T,3,1) ;-
28J01N(I,3,2)30 -
31J0IN(T,4,1) ., -

38JOIN(I,h,2)u0 -

Card 7 Format (&F1O0.

which subregion the first side of the Ith subregion

will be connected to

which side the first side of e 1th subregion will

be connected to

which subreglon the second side of the It'h subregion

will be connected to

which side the second side of the Ith subregion will
be connected to

vwhich subregion the third side of the Ith subregion

will be connected to

which subregion the third side of the Ith subregion

will be connected to

which side the fourth side of the Ith subregion will
be .onnected o

unieh side the fourth side of the Tth subregion will

be connected to

3)

Card 7 is read 8 times for each subregion. It contains one of the

coordinates that defines the subregion currently being generated.

These
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H coordinates must be sntered in counter~-clockwise fashion from o rtart-
iny, point 4t one corner of the subregion chosen by the nger, which al:ze
defines the gides of the region. Four of the cight coordinates must .
the loentions of the corners of the subregion nnd the remgining U nonre
dinotes are locations of points hetween the corners, If the user choone:
the midside coordinutes to be midway hetween the corners of each uide,

o uniformly spaced mesh of triangular clements ic obtained, If the
midside coordinutes are chosen to be closer to one corner than the other,
u hipher dencity of clements is obtained in a portion of the subregion.
Apain the need to enter the 8 coordinstes in u counter-clockwise direc-

tion beginning with n corner is emphasized,

Vur Noame - Description

(XCOR(I,d) o = the I y-coordinate of the I%H

region

r t)
11YUOR(1’J)UO - the J h y=coordinate of the L h regLon
KOTE: COUPLEFIO is currently capeble of hendling up to 300 elements which
may conslst of up to 700 velocity points and 500 pressure points.
Incressed dimensions of several arrays will be needed if these
parumeters are exceeded.



h,3 Input Instructions for FRONTS

Card 1 Format (115)
Card 1 allows the uscr the option to either read in the generated date

frou MESHY as cards in his data deck or from a disk file.

Vur Bume - Description

lNTAPEs - the unit number from which MESHY dats will be read

5 = cards in the data deck

G = Disc File TAPEQ

Card 2 Format {7I5)
Caord 2 provides information for construction of the first mesh, which

is used in the temperature solution,

Var Name - Description

lNUM.E‘.L].5 - Number of elements in the first mesh (maximum of 300)

6NUII.NP110 = Number of nodal points in the first mesh

nNUMVPlls - Number of velocity points in the first mesh (maximum of 700)

1¢NUMPPL, ) ~ Number of pressure points in the first mesh (0)

21NNPF.125 - Number of nodal points per element in the first mesh (6)

26NVPEJ.3° - Number of velocity points per element in the first mesh (6)

NPPEL ~ Number of pressure point~ per element in the first mesh (0)

31 35
Card 3 Format (I10,2F10.3)
Card 3 is read NUMVPl times and contains the nodal point coordinates
(usually generated by MESH?). If the user has selecteé the option
to read this data from disk, these cards are not contained in the card

deck.
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Vur Nume - Deccription

1110 = Nodnl point number

l‘XORD(I)PO - Y=vonrdinate of nodal point I

H,YOHD(I)uO = {=rvoordinste of nodul point 1
. v
Curd k Formut {1017}
Curd b i rewd MMELL Yimes and contains the nodal point numher:s an:

the pressure point numbers thunt ecomprise cach of the <lements (npain
thic dats is usuully generated by MESH9).  If the user has celaoctss
the option to reus this dntu from disk, these cerds ure not contuir.:

in the card deck,

Var Nume - Description

LJ17 = llement number

gNPA(J1,1),, - First nodul point number comprising the J1 wlement

14
BNPA(JL.Q)?l - Lecond nodul point number comprising the J1 clement

» -

u3NPA(Jl’6)u9 - Sixth nodal point number comprising the J1 elemcnt

5QNPA(I1,T) g

57NPA(J].,B)63 - Second pressure point number comprising the J1 element

+

First pressure point number comprising the J1 elem:nt

6AHPA(J1,9)70 ~ Third pressure point number comprising the J1 element

Card 5 Format (I10)
The material reference number array, MATA, is initialized to all 1's
for the temperature mesh by the program. Card 5 allows the user to

change the material composition of any of the elements he desires.



Var Rame - Leserintion

INOTONEU} = Number of elements in the temperature mesh that ure not
compac ot of mate risl referenes nusber 1
Carot Formut, (1)

I NOTONE (Cur: %) has proviourly teen ot to o, then cara € must not
upoene in the enrd deck. Otherwise curd 6 coninins information on the
materful composition of the -lements in the tempersture mesh, Card € iz
reud e many times s necesgeary until the materiel composition of ull

NOTONHE <lements are cpecified,

Var Nume - Lescription
115 = thi: first element number in a set te be chenged from material
velepoiee 0 e 1
6J10 = the lust eloment number 1, a set Lo be chanjed tm... o.ev.al
vetepre o wer 1

IIKIS = the inerement thut will be used between elements I and J in

chuniting the muteriul reference number (the same reference number)
16‘[‘20 - the new muteriyl reference number for elements I through J by
inerementc of K
Card 7 Format (I10)
Card 7 offers the choice of element selection options for the frontal
solution method in the temperature method. The user may specify either

that the program choose element order automatically or that manual (user)

ordering will be provided.

Var Name - Description
lISTYLElo - method of element selection

0 - automatic element selection
1 or -1 - manusl {user) e.ement selection
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Capey Format f 110
If 107TYIE (Card ) has Leen net to L or -1, manual element. selection,
then enmi ¥ munt, not apprear in the eaps tdeck, Gtherwige carn &
spralfien which element chould bhe taken flrst in the frontal solutiorn,

The uaer may Vhen speclfy whether the selection of rucceeding elements

He based on ndding elements that will complete the highest number of

.
‘

nodnl polnts or adidinge the elemecnt that will add the fewest nunber

new nodnl poinls to the ceefficient matriz.

Yor Nagpe: - Dp:ceription
IIELFIO = Firast «lement to be aken in the frontal colution methas
liISHL?O - Element oelection option
1 = seleets element that wids lesst pumber of new noanl

points to the confficient (stiffness) mutrix

2 = seleets element thet completes most nodnl pointe

rard % Format (315 for ISTYIE = -1; 204 for INTYLE = 1)
If ISTYLE (Card 7) has been set to O, nutomatic element selection,
then card 9 must not appear in the card deck, Otherwise card 9 con-
tains the element numbers in the order thet they are to be added to
the coefficient matrix for the temperature mesh, If ISTYLE = -1
card G is real for sequential sets of element numbers as many times
as necessaery until the order of NUMELl elements are specified, 1If

ISTYLE = 1 then all the element numbers are specified individually.

Var Name - Description {for ISTYLE = -1)

115 - the first element in a set added to coefficient matrix in the
frontal solution
6Jlo = the last element in a set added to coefficient matrix in the

frontal solution


http://ele.-r.ent
http://Klr.it

~ the magnitude of the increment that will be used between elem
elements T and J in adding the new clements to the coeffi-
clent matrix in the frontal solution {(numburing may be lonc

11¥15

forwnrda or backwards)

Vnur lame - Deseription (for ISTYLE = 1)

2

]NIELE(l) - the first element adied to the coefficient matrix

‘IIIEE(2)6- the seconi element edded to the coefficient matrix
A

NIELE(NUMELI) - the last elerment sdded to the coefficient matrix

i 10 Formut (715}

Cnr4 10 iz identical in nature to cuard - except that its informetion
upplisc to the construction of the second mesh which i usea in the
viscous flow solution., Input purameters now huve the form "Var 2", c.c.,
NUMELL reni in the first mesh is now reud in us NUMEL2 for the second
mesh, In this case the defeult values for WNPE2, NVPE2, and NPPE2 be-
come 9, 6, and 3 respectively while no defsult value for NUMPP2 is
specified. The limits for NUMELZ2 and NUMVP2 are the same as NUMELL

and NUMVPL,

Cards 11=15

Cards 11-15 are identical in nature to cards 5-9, respectively, except
their informstion now applies to the second mesh, the mesh used in the

viscous flow solution.
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Included in the FRONT9 output are the perameters JMAX (for the hest
transfer mesh) nand KMAX (for the viscous flow mesh). The magnitude
of these values is currently limited to 6000 for JMAX und 15070 for
FMAX Ln the 7600 or 6600 version. On the NOS version JUAX in
limited to 4000 while KMAX is limited to 1000. Incressed dimersions

of the varicus otiffrnesc matrices are required for largner problons,



4, Input Instructions for ILAST

Cur: 1 Format (0100

Card 1 centains the nuenber of 000 rent matoric e in the meches

Var Name - Deccription

LNUH/-.TlO - Nurbrr of materiolc ‘maximum of o

Carg 2 Format (4E10. 1)
Card 2 is resd NUMAT times @i -Tines the coniuctivity wnd conntitutive
equations for =zch of the mnteriszls, The Pontu?tivity cauntions nre- of
the form

WK ¥ ..
ky(conductivity in x=:ircetion) - HKXAI*v"KXYA

KKY A%
ky(conductivity in y-direction) = kKYAI‘uAKYA ’

while the constitutive equation has the form

‘For linear uanalyren ! AL E and ¥_ = 1,0.) In wriition cazr: 2
- IT 1 II 3
is urea for the calculation of temperature ependent bo:y forces for each

of the materials at any given time, The relevant formula is

v o= vo(l—iLﬂ) where
2= A o .
[ ref and

g is the reference temperature and v is the body forces, also given

ref
in this card. Finally, Card 2 allows the user to specify uniform volu-

metric heat generstion in any of the materials.,

Var Name - Description

lRHOA(I)lo - density of the Ith material

CPA( - heat capacity of the Ith material

1CPAT) 50
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21“““”30 - RKXA in the conductivity equation for the I =~ material
51FROBI(I),, - RKXAT in the conductivity equation for the I'P naterial
RKYA(I)., -~ RKYA in the conductivit) equstion for the I*® materiel
L1 50
51RKYAI(I)6O =~ RKYAI in the conductivity equation for the Ith material
61QQA(I)7C ~ Uniform volumetric heet gencration rate for the e
materiel
71EPSIIA(I)BO - minimum strain-rate used in non-linear solution method
for the Ith material
XH{(I);, - X1 in constitutive equation for the I'" material
ll)(2(I)‘,20 - X2 in constitutive equation for the If'h material
21}(3(1)30 - X3 in constitutive equation for the I‘l"h material
31xh(1)h0 - Xk in constitutive equation for the ™" material (not useu)
GAMX(I).. - body forces in x-direction for the I'" material
k1 50
51GAMY (1)60 - body forces in y-direction for the T paterial
61ALPHA(I)70 - volumetric expansivity, a, for the ™ material
71TREFA(I)8° - the reference temperature for the TP materisl
Card 3 Format (Il0)

th

Card 3 offers the user the option to releare the constraint on

certain specified nodal points, thet have been constrained by

boundary conditions if certain conditions sre met,

Ver Name - Deseription

lNUMC(}D10 ~ the number of nodal points examined for possible
release
Card 4 Formet (4I5)

If NUMCOD has previously been set to zero, Card 4 should not sppear

in the data gdeck.

Otherwise Card 4 specifies which nodal points and



under what conditions the nodal points are to be released. Card b
is read as many times as necessary until all NUMCOD boundary condi=-

tions are specified,

Ver Name - Description

= the first nodal point number in & set to have a
release constraint

155
6J10 - the last nodal point number in a set to have =

relesse constraint

- the increment that will be used between nodal point
numbers I end J in specifying the same release

llKlﬁ

constraints

10L20 - requirement for nodal point release
1 - releases for x-direction positive force
=1l = releases for x-direction negative force
2 = releases for y=-direction positive force

=2 - releases for y-direction negative force

Cerd 5  Format (4F10.%4,I10)
Card 5 specifies initial temperatures of the region of analysis, a
conversion factor for heat generation, the ambient temperature for
surface convection, the surface convection coefficient, and the
number of velocity points on each side of an element needed for

surface integration of the convection boundery condition.

Var Name - Description

lTIlo = Initial temperature of the region

11FA020 - conversion factor for heat generation, 1.0 if units

are consistent.

59



2]TIN'F30 - ambient temperature for surface convection

31CC,‘O - convection coefficient (film coefficient)
NVPS_.. - number of velocity points on cach side of an element

(unuelly 3)

W1 50
Card 6 Format (110)
The surface array for convection boundary conditions 1s initializedy
to zero, indicating that no convection occurs across any side of any
element. Card 6 allows the user to apply convection boundary condi-
tions to any choice of sides on any element, The convention used in
numbering the sides of the element results from the element nodal
point errsy. Side 1 is the side consisting of the first three
nodal points in the nodal point array. 5Side 2 is the side with the
third, fourth and fifth nodal points and alde 3 is comprised of the

fifth, aixth snd filrst nodal points.

Var Name - Deseription

1NOTZEROIO"- the number of element thet ere to have convection

boundary conditions
Card 7  Format (LI5)
If NOTZERO (Card 6) has been set to O, then Card 7 must not appear
in che card deck. Otherwize, Card 7 contains which elements and
what sides the convection boundary condition is applied to. Card 7
is read as many times as necessary until all NOTZERO convection

boundary conditions are specified.

Var Name - Description

115 - the first element number in a set to have a convection
boundery condition



6J10 - the lest clement number in a set to have a convectior
boundery condition

llxlﬁ ~ the fnerement that will be used between elements I and
J in specifying the same conveetion boundary condition

16L?0 - the aldes where the conveetion boundary condition is
npplicd to in element 1 through J by increments of K

= 1 side 1 only
=2 side 2 only
= 3 side 3 only
=4 sides 1 and 2
=5 sides 2 and 3

=€ sides 3 and 1

Card 8 Format (E10,3)
Curd 8 speeifie, the decay constant XK1 of the heat sources in the term

o
XKL used in ecard 10, FEnter zero for scurecs that dc not decay,

Var Name - Deseription

XK1 n - decay constant tor heat sources

17

Card 9 Format (I10)
Card 9 allows the user to specify e variable number of boundary

conditions to be applied to any of the nodel points.

Var Neme - Description

1NUMBCl0 - number of boundary conditions to be specified

Card 10 Format (4I5,3E10.3)
If NMBC (Card 9) has been set to zero, then Card 10 must not appear

in the card deck. Otherwise Card 10 contains the applied forces or
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imposed velocities and the surfece heat flux or imposed temperature
corresponding to each nodal point where a constraint is applicd. 1If
an x-constraint is placed on a nodal point (L = 2 or 4}, then the
FXA2 wlll be treated as an imposed veloeity. Otherwise FAAZ will te
trented as an applied foree, Similacly, for the y-constreint FYA2
will be treated as an imposed velocity for L = 3 or 4, Otherwise
FYA will be treated az an applied foree in the y-directiocn. If L
is negative FQAZ? is treated as an imposed temperature and if L is
positive FGA2 is treated as an applied heat sourc:. Analyses are
performed using unit thicknesses for planc strain geometry and on«
radian scetion for axisymmetrie geometry, Applied forces in
axisymmetric analyses are based on the resultent forces from inte-
grating over a section with a one radien nre length. Point sources
located at the centerline of axisymmetric regions should be entered

1 ' "
88 35 of the total sources,

Var Name - Description

115 = the first nodel polnt number in & get that has a

boundary condition
6J10 - the last nodsl point number in e set that hes a
bowndary condition

- the increment that will be used between nodel points
I and J in specifying the same boundary conditions

1¥1s
162‘20 - the type of boundary condition epplied to nodal point
I through J in inerements of X
1 ~ no constraint on velocity
2 = X constraint on velocity

3 - Y constraint on velocity



L « X and Y constraint on velocity

if L &5 negative o specified temperature will also be
Imposed

*
= the imposed velocity or applied foree 1n the x-direc-
tion

FXa2

21 30

*
1FYA2h0 = the imposed velocity or spplied force in the y-direc-
tion

3

thQA25O - the imposed temperature or applied heat source

Card 11 Formet (2110)
Card 11 offers the user control of how cften date will be sent to
the print and tape B files from the coupled temperature and flow
solutions. The tape B file is used in both restarting the current
problem and for plotting. Increments refer to the number of time
steps in a transient solution or the number of combined viscous flow

and temperature solutions in steady state enalyses.

Yar Name - Description
INCPRlo = increments between prints of the tempersture and

1
velocity solutions

INCP020 ~ increments between WRITES to TAPE(8) of the temperature
and velocity solutions

11

Card 12 Format {2I10)
When solving nonlinear viscous equations, which requires iteration,
Card 12 offers the user control of how often data will be sent to
his print and tepe 8 files during the iterating procedure. As

previously mentioned, tape 8 is used in both restarting the current

*See Appendix A for method of determining nodal point forces from spplied
pressures.



problem and for plotting. Iterations refer to the number of solution

steps used during a nonlineer viscous flow analysis.

Var Name - Description

lINTFRlO = iterntions between prints while solving a nonlincaer

viscous problem

llINTPU20 - iterations between writes to tepe (8) while solving a
nonlinear viscous problem

Card 13 Format (2110,F10,0)
Card 13 offers the user choices on viscous flow or temperaturc
solutions, coupling or no coupling between the solutions, and
transicent or steady state analysis. If no coupling is specified,
then only viscous flow or temperaturc anslyses are performed, but
not both., If coupling ir specified, then both viscous flow and

temperature solutions are obtained,

Var Name - Description

1ITV10 - type of solution performed first
1 - viscous solution
-1 - temperature solution
11309é0 - coupling hetween solutions
1 =-NO
=1 - YES
21§T30 - type of analysis

1.0 - transient

0.0 - steady state



Card 14 Format (8I10)
Card 1k offers the user choices on geometry for the problem, methods

of solution, reference frames, and the type of matrix solution for

the heat transfer problem, Tn addition it allows the user to specify

the moeximum nusber of Increments used to sttain e solution, the number

of iterations for jterative methods (or load inerements in incremental

solutions), the number of jterations between updates of the stiffness

matrix, and whether e lincar solution is desired only.

Var Name - Description
lICQDElO - geometry
0 - plane strain
1 = nxisymmetric
11130LV20 « method of solution of nonlinear viscous flow anelyses
1 = secant modulus
2 = initiel stress with sccant modulus
=2 « initial stress with tangent modulus
3 - tangent modulus
ZIIREFFR3O - reference frame
0 - Lagrangian

1 - Eulerian

IIH'I‘SOI.!40 type of matrix solution in heat transfer problem

3
1 - reformulation of matrix st each time step
2 - IDU decomposition used after first time step

thNI50 «~ maximum number of increments for problem solution
51ITMAX60 ~ meximum number of iterations for nonlinear viscous

flow solutions
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61I’I‘CH,,0 - number of iterstions between upiates of stiffness matrix

,nLINEAR{,O = choice of linear solution
0 = nonlinear golutions procedure needed

I = linear solution proccdurc needed

Card 15  Format (5£10.3)
Card 1Y apreifies the maximum problem time to be achieved, the
muxirum allowed time step to be taken, the meximum allowed displace-
meent during any given time step, the maximum allcwed change in the
maximnl velocity between any given time step, and the maximum allowed

change in the maximal strein rate in eny given time step.

Var Home - Deseription
1TIMI£Mm - maximum proklem time

nDUMI\X,,G ~ maximum allowed displeccment during any time step

QJ‘DTTM){?}O » maximum time step

_‘,EIL'MB\II‘O - meximum allowed change in the maximel strain rete for
' convergence of nonlinear viscous problems

hlVMINSO - maximum allowed change in the maximal veloeity for

canvergence of steady-state problems
Card 16 Format (I10)
Card 16 allows the user the choice of printing the TAPE1l data file

as part of his output,.

Var Neme - Deseription

1IWRITE10 ~ print control for the TAFEl data

EQ. 6 - writes TAPEL deta

NE. 6 - does not write TAFEl data



Card 17 Format (2710)
Card 17 allows the user to continue a problem from a previous run

thut was termineted early.

Ver Name - Description

1IDATAlo = continuation of a problem from a previous run:
0 - NO

1 - YES

1
restarting the analyses. NINCR refers to the net

number of increments written onto TAPES and not the
last increment number that was written,

1“INCR20 - the number of increments to be reed from TAPES before
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. Input Instructiona fear PLOTO

farg 1

Format, 1110)
Card 1 nllows: the user the option to either rend in Lhe penerate:

datn from MECH) u: cards in his dete ageck or from m aigk file,

Var Neme - Description

Card 2

.LNTAH‘IIO - the unit number the date from MESHY will ve rent in
f'rom

Y - cards in 8 data deck

J = TAPE9 which is a disk filc

Format (2710)
Card 2 gpecifies information on the number of plots desired anc
whether a plot connlsting of the area within the mesh io requirei
or if symmrtry exists abhout either axis no that not only the arcs

within the mesh iz plotted, but also its symmetric half is plottea,

Ver Name = Duscription

Card 3

lNlMPLTlO - total number of plots desired (maximum of 100)

uICODEQO - type of plot desired
0 = mesh only
1 - symmetry about Y axis

2 - symmetry about X axis

Format (201I4)
Card 3 specifies thz increment numbers in ascending order that are

to be plotted.



Vnr “nme - L'rvrir'i1a
LI0PL Nt firet lnererent aoder 00 e plotued
,I(‘PL(.‘)E_ - fecont fnepement ngnber U te plottes

»
.

»

TCPLIMUMPLT) - last increm nt number to be plette:

cuyen b Foarmat  9F1C.:0
Tard hoproyiees aimensions for the pletted :nta, The bounds of the
region provided may correrponc to the nize of the entire regiorn of
analysis or may be scwme subset of the entire region, Card b glsc

nllows for scaling of the plottea inta,

var Heme - Deseription

IXMTH 1

iy - 14 3 >
11“"(.?0 muximum ¥ value to se plotted

YMIN, = | ‘
217 mBG minimum ¥ vilue to be plotted

2 - i
31“‘“‘&0 meximum ¥ value to be plotted

L 3%m5ﬂ - scele Tact r for reducirg or enlarging the plot i

0" minimum ¥ volue to be plotted

dats

Cara 5 Format {110,2F10.3)
Cerd T contains the nodal point coordinates which are usually
generated by MEBH9. If the user has selected the option to read
this date from disk, i.e., choosing NTAPE = 9, then these cards are

not contained in his card deck.
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Var Name - Deseription

Card 6

1110 -~ nodal point number

llXORD(I)QO - X-coordinate of nodal point I

°1YORD(I)3O - Y-coordinate of r.odal point I

Format (1017)
Card 6 contains the nodal point numbers mnd the presgure point
numbers that comprise each of the elements. This data is again
ucually generated by MESHO? and if the user has selected the option
to read this date from disk, i.e., choosing NTAPE = 9, then these

cardg are not contsined in hic card deck,

Var Name - Deseription

Y

11111 - clement number

8NP(Il,l) - first nodal point rumber comprising the Il element

1k

lsl\n’(IL,Q)Pl - second nodal point number comprising the Il element

3NP(Il,6)hg - sixth nodel point number comprising the Il element

50NP(Il,7)56 - iirst piressure point number comprising the Il element

5
6

Card 7

7NP(Il,8)63 - second pressure point number comprising the Il element

hNP(Il,9)7O - tuird pressure point number comprising the Il element

Format (I10)

Card 7 specifies the number ci boundary points that are to be

plotted.

Var Name - Description

70

INUMBPTIO - the number of boundary points to be plotted
(maximum of 100)



Card & Format (3I5)
Card 8 specifies the numbers of the nodal points that are to be used

as boundary points in plotting. Cerd 8 is read as many times as

necessary until all NUMBPT are specified.

Var Name - Description
I_ - the first nodal point number in e set used as a

1%
boundary point

6J10 - the last nodal point numher in & set used as a

boundary point
- the increment thet will t= used bt tween nodal point

lJKIB
I and J in specifying the boundary points

Card 9  Format (3F10,4)
Card 9 specifies the vector length in the vector plots, the increment

between isotherms in the plots, and the lower limit for plotting velo-
cities (i.e., velocities that are insignificant in comparison to most

velocities may be deleted from the plots).

Var Name - Description

1VECTLIO - vector length in vector plots
llCTEMP20 - increment between isotherms in the temperature plots

21CUTOFF10 - the lower limit for plotting valocities



Chapter V
CONCLUDING REMARKS

This document is intended to provide illustrative problems that are
to be used as examples by the user in setting up his own problems for
solution by COUPLEFLO. In addition, control streams and input instruction
to COUPIEFIO are contained. A general deseription of the governing
equations and finite element formulations that form the basis of COUPLEFLO

are found in Part I-Theoretical Background.
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